This research constructs a design-oriented, Internet-mediated, and knowledge-sharing 
Introduction
As the Internet is put into more applications, an increasing number of businesses have come to depend on it to carry out their operations [1] . In addition to transcending geographic boundaries, the Internet easily increases intercorporate interactions. Consequently, no business, organization, or individual is confined to the old-fashioned and traditional mode, nor is it necessary to perform operations only through the physical channel. No matter what part of the globe a person is in, he/she can effortlessly join the electronic community or market via the virtual environment [2] . The advancement of information technology (IT) and the popularity of the Internet have ushered in the globalized information economy. With the pouring-in of information goods, the amount of knowledge accumulated on the Internet has also increased day after day [12] .
To create a new mode of management for the business world, the virtual environment of the Internet is adopted, which not only provides the demander with the needed product and service but furnishes the business manager with an effective means and channel of collecting and integrating knowledge [9, 4, 12, 22] . Nowadays, in the digital age, Internet technology has lowered the cost of information transmission, enhanced the efficiency of information circulation, made information more readily accessible, and got the end-user closer to the information source. Meanwhile, the development of ecommerce has enabled an individual or a business to conduct a faster and more efficient transaction by means of the Internet. which is high-capacity, interactive, and inexpensive. Such services have also become an e-commerce mode which the consumer or business representative employs to seek out business opportunities [27] .
Faced with the above-mentioned situation, Internet-based infomediaries provide a virtual and aggregating platform dedicated to settling the aforesaid problems [23] . In the future, these infomediaries will be more widely hired in online transactions and so their roles more important. Based on such an assumption, the research chiefly utilizes the mature Internet and information-related technology at present, in addition to the scalable XML and convenient Web interfaces. Next, the researchers attempt to construct a systematic, Internet-mediated environment where product information can be shared. By doing so, the various roles involved (i.e., designers, manufacturers, buyers, and consumers) and the business can be assisted in smoothing knowledge management, and their knowledge texts can be timely transmitted and shared without being restricted by heterogeneous systems. Besides, owing to the structured XML files, the rules embedded in them can be easily extracted so that they can be used to transmit as well as determine automatic product development programs and eventually help businesses to improve their competitiveness, productivity, responsiveness and innovation.
Current Situations of the Design Industry
In the presence of globalization and knowledge economy, modes of industrial production have begun to vary owing to the changing environment and industrial structure. In the past, the relationship between businesses was characterized by keen competition among traditional and individual companies. Later, such a relationship gradually moved toward the management mode that pursued the maximum profit. Currently, it has evolved into a kind of competitive cooperation between business groups or manufacturers. In consequence, the scope, definition, and nature of industrial design services have also altered to some extent.
Design is a creative, procedure-oriented activity which covers product strategy, market & consumer research, appearance design, mechanism & engineering design, model design, production, and marketing, with all of them forming a comprehensive design process. Restricted by the small scale, insufficient manpower, and inadequate database, traditional design companies can focus on only the middle stage, namely, design activities ranging from appearance design to model design. Unfortunately, such a practice fails to integrate the early stage (product strategy and market research) and the late stage (production and marketing), resulting in disparity between the finalized product design and the market demand. To cope with such a troubling trend, some businesses establish their own design department; meanwhile, design companies which can provide complete services are increasingly needed. Hence, nowadays more and more design companies are gradually expanding their services into both the early stage (market research and product analysis) and the late stage (mold development and component production) of product development. In this way, the formerly-ignored services combined with the existing ones (including appearance design, mechanism design, and model making) will create a complete network of design services and in turn increase the added value of the services. However, both the early and late stages of design services require a vast, supporting database which is managed by experienced engineers in order to achieve the maximum profit. To be sure, this task poses a big challenge for many newly-started design companies [19] . Evidently, industrial design is no longer limited to the opening or finishing stage of the development procedure, nor is it simply connected with art, technology, creativity, engineering, and technical troubleshooting. On the contrary, it should also include the diversified and more professional combination. Both the front end (i.e., consumer demand, innovative research and development, and creative design) and the back end of industrial design (i.e., mechanism & engineering design, molding technology, optimum production technology, and R&D design, even together with the planning process, strategic aspects, and marketing aspects) should be taken into careful consideration. Taken as a whole, the R&D design of a product is by no means a simple or single technical service; instead, it involves supplying goods, innovation, service, technology, engineering, customer communication, optimum customer satisfaction, the brand image and, more importantly, shaping the overall corporate image. All these are closely related to industrial design services.
At present, confronted with global competition and challenges, businesses all over the world have slowly paid reasonable attention to the knowledge industry. Utilizing knowledge to create added value as well as providing hardware/software integration services has become the core project undertaken by all countries worldwide. Therefore, for current industrial design services to become highly competitive, a knowledge platform must be established to realize "knowledge management and knowledge sharing", allowing the design industry and manufacturing industry to be blended into a complete supply chain. Only by merging the concept, design, rapid prototyping, and molding tools into a consistent R&D process, will the competitive, service-oriented industrial design industry be materialized.
Related Supporting Information Technologies
Because product data have been defined in various formats, many proprietary or public mapping programs have been developed. Recently, more efforts have been focused on developing formal methods for translating product data in different formats. Product Data Markup Language (PDML) is an Extensible Markup Language (XML) vocabulary designed to support the interchange of product information among commercial systems (such as PDM, ERP, and SCM systems) or government systems (such as JEDMICS), where the vocabularies are related via mapping specifications [11] .
Interoperability can be defined in the broadest sense as the ability of software and hardware on different machines from different vendors to share data [7] and the ability of two or more systems or components to exchange information and to use the information that has been exchanged [21] . Interoperability is typically ensured by adherence to a set of common standards. Several interrelated types of standards, such as communication, request, data format and content, must be employed to ensure interoperability between systems.
The term information interoperability indicates that data generated by one system can be used by another (without regard to the request or communication mechanism) [5] . This may be a direct connection, if both systems use the same data format and content. Alternatively, the systems may be connected through a mediator, which transforms the data format and content. XML has emerged as the extensible, flexible data format standard. XML stands for eXtensible Mark-up Language, often mentioned together with Web technology and HTML, but it is important to remember that XML is basically a way to describe and structure data. It can be used in a great variety of applications, not only in Web applications. Establishment of the XML standard schemas is expected to improve the data exchange to protect earliermade large investments in the in-house information systems. The objective of the standard is to provide a means of serializing (or persistently storing) the state of (product data) objects contained within an objectoriented database into a neutral format that may be communicated from application to application. One of the benefits of using XML as the information syntax is the amount of development of parsing, querying, transformation, validation, and presentation tools for the support of the language across all aspects of the information technology industry. Applying the XML standard to the product knowledge-sharing mechanism on the Web results in an Internet-mediated, knowledge-sharing environment. The Web-based, data-centric, and knowledge-sharing environment makes it possible to facilitate some applications, translate the product data, and further provide reasonable, XML-based model configurations.
Regardless of compatibility and security problems, the ability of Web Services to bypass firewalls and proxy servers, as well as the loose coupling between applications encouraged by Web service interfaces, is the key reason why Web services technology promises to make it significantly easier and cheaper than before to integrate applications both within the enterprise and between different enterprises. Loose coupling means not only that applications can be implemented on different platforms and operating systems, but also that the implementations can readily be changed without affecting the interfaces. SOAP is a simple XML-based protocol to let applications exchange information with XML Web Services over HTTP. Supported by all Internet browsers and servers, SOAP provides a way to communicate between applications running on different operating systems, with different technologies and programming languages [8] . In order to increase an organization's agility in responding to design requirements, the information flow between the IT systems that carry out these information operations must be streamlined. This includes the organization's own IT systems as well as those of its partners. It is the task of information integration to automate this information flow optimally so as to streamline operations.
Employing the XML and XML Web Services, this research will build a knowledge-sharing mechanism which repeatedly uses and automatically handles information. It makes full use of the information generated by the user after an Internet-mediated transaction (IMT); besides, with the help of XML Web Services, the XML knowledge texts generated after the IMT can be saved by the user. Thus, as well as sharing his/her own knowledge on the platform, each user can use automatic programs to handle all the information shared by the other participants, integrating it into a comprehensive, valuable, and versatile knowledge text.
Developing the Implement
The whole system configuration is mainly founded on an identical XML document which is transmitted between different stages of product development. A knowledge-based product development system based on XML language is proposed. Mainly by using the detailed definition and Internet broadcast capability owned by XML technology, the system can deliver right data to right people at the right time and in the right format. The same spirit can also be found in the knowledge-sharing platform suggested by A. Wong and D. Sriram, which distributes professional expertise to interested people via the Web-based architecture. In addition, S. B. Yoo and Y. Kim presented a similar Web-based knowledge management system in 2002, which would enable all virtual businesses, whether businessoriented or engineering-oriented, to share among themselves the product information generated by their application systems. In 2004, Y. H. Wu and H. J. Shaw put forward the proposition that product information management (PIM) should incorporate XML technology to develop a knowledge management system which would integrate the complete ship-designing process. Namely, during the ship-building process, ship specifications, whether outline specifications or full specifications, could be integrated with the help of XML technology and eventually be applied to the ship-designing process. Therefore, this research will also adopt the XML-formatted structure to connect the contents of knowledge flow data. Furthermore, the concept of XML data mapping is incorporated so that the process of file production can be connected smoothly and the repetitive data can be reused and shared [18] . Finally, the whole set of product information is rendered complete and accurate and thus a knowledge-sharing architecture for product specifications is established and applied to the IMT process.
Under such an architecture, both commercial and engineering application programs can interact with each other and so share their product information. The main structure of the system under research is designed to be a knowledge-sharing environment where a company can integrate product information originating inside or outside the organization; at the same time, the system can integrate all the people sharing the product information thanks to the features of the globalized Internet. In consequence, the scope of knowledge sharing is not confined to the exchange and share of the product information among companies, but rather it extends into the business-to-consumer (B2C) and consumer-to-consumer (C2C) businesses. Since industrial design is crucial to the development of an IMT and is closely connected with product innovation, new concept, and new technological development, the abundance and diversity of the product information on the IMT platform puts the inter-corporate cooperation in the shade. Therefore, the matching mechanism for product specifications is used as the basis of XML files to be exchanged. During the process, with the help of unique XML technology and its established standards, like XML Data Mapping and XML Schema, the XML files can integrate the product information coming from different stages of product development, including design information, production information, marketing information and consumer feedback. The system configuration is shown in figure 1~4 . 
System Perspective
Founded on the Microsoft Windows DNA architecture, the platform is a Web-based and Internetmediated knowledge management system. Directly operated by the browser, its front-end service tier supports XML presentation and data exchange. The tools used in the presentation service tier include the following: HTML is used to create the front-end user interface; DHTML can enhance the effect of the user interface and increase interactions; JavaScript checks the table input from the user terminal and helps to present the interactive effects of the webpage; CSS beautifies the layout and styles of the whole webpage; XML transmits the database files in the XML format which can be exchanged later; XSL is used to present the XML files contained in the browser. As for its application tier, ASP is employed to produce dynamic webpages and XMLDOM components are called to manage product data files in the XML format. The tools used in the application service tier include the following: IIS 6.0 functions as the provider of webpage services; ASP technology, responsible for dynamic webpages, responds to the front-end request for services and communicates with the back-end data service tier; XMLDOM analyzes the content of the XML files to be stored in the database or assembles the data into the XML-formatted files which will then be sent to the user service tier. In the data service tier, ADO is used to access the data in the database via OLEDB, while OLEDB is a low-level interface designed to access all types of data. ADO in collaboration with OLEDB is used to access the MS SQL Server database, where all the data related to the Internet-mediated knowledge management system are kept.
Conclusion and Future Directions
This research applies the concept of knowledge management (KM) and XML technology to a mode of Internet-mediated transaction (IMT) aimed at industrial design. Besides, Internet capabilities and information technology are employed to integrate the workflow information resulting from different stages of product development in the design-based IMT environment. In fact, in the course of an IMT, the product information generated at each stage and the knowledge content needed are not identical. The purpose of the research is to develop an XML-based, information-integrating architecture, to utilize the scalable XML and convenient Web interfaces, and ultimately establish an XML-based database of product specifications. Moreover, with the generation of the product specifications files, all the upstream and downstream sources of information shall be interconnected so that the related knowledge may be acquired and accumulated. Such related knowledge covers product concept, product innovation, production technology and product feedback, all of which are valuable knowledge assets comprising the product specifications. In this way, the knowledge database for product specifications will become richer gradually and then a smart knowledge-sharing architecture in this field can thus be materialized. In conclusion, the XML-based, design-centric, Internet-mediated, and knowledge-sharing architecture is sure to accelerate the exchange of knowledge and information on such a specialized platform and cause the knowledge contained therein to be managed, utilized, and shared efficiently.
Therefore, this research sets a future goal, which is to develop an integrated, SOA-based, designoriented and knowledge-sharing platform. The new architecture will never function simply as an Internet-mediated platform, employing XML to exchange and share product data during a mediated transaction, nor will it play the role of a single service provider. Instead, by utilizing the advantages of the XML-based, knowledge-sharing platform repeatedly described above, the new platform will expand its services by integrating the internal information systems of all the users. This way, the ideal knowledge-sharing platform to be constructed in the future will become a globalized service network dedicated to product information. In other words, it will not only be an application system founded on the SOA, capable of integrating all the Web Services components, but also be a thoroughly-integrated, SOA-based, design-oriented, Internet-mediated, and knowledge-sharing platform, whose configuration blueprint is illustrated in figure 5 . 
